Abstract
4

Background
45
Immune checkpoint inhibitors targeting programmed death ligand 1 (PDL1) or its receptor,
46
programmed death 1 (PD-1), have elicited unprecedented long-term disease remissions in advanced 47 and previously treatment-refractory cancers [1] [2] [3] [4] [5] . Unfortunately, only a subset of patients currently . Furthermore, it was found for several malignancies that particularly the combination of
60
TLS presence with high CD8+ T cell infiltration was associated to superior prognosis, whereas the 61 presence of high CD8+ T cell infiltration alone was associated to poor or moderate prognosis 15, 16 .
62
These observations highlight the importance of a coordinated immune response, including TLS 63 formation, in anti-cancer immunity.
64
To date, the molecular determinants of tumor TLS formation remain incompletely understood.
6
Results
85
Tertiary lymphoid structures are associated with high mutational load and increased cytotoxic T cell 86 responses
87
Conflicting reports exist on the link between neo-antigen load and the presence of tertiary lymphoid 88 structures (TLS) 16, 25 . Therefore, we first assessed whether tumors with a high mutational load were 89 enriched for TLS-associated genes in mRNA sequencing data from The Cancer Genome Atlas
90
(TCGA). Across malignancies, a previously reported TLS gene signature 13 
121
antigen recognizing CD8+ cells and documented presence of TLS 16, 27 . As TLS are frequently found
122
within the tumor stroma, we also distinguished stromal from intraepithelial CD8+ T cells using the αE
123
integrin subunit (CD103). We and others have previously shown that intraepithelial, but not stromal,
124
CD8+ CTLs express CD103 [28] [29] [30] [31] . In line with this, TLS associated T cells were negative for CD103
125
( Figure 2C ). CTLs were defined based on a CD3+/TCRαβ+/CD8αβ+/CD56-/CD4-phenotype ( Figure   126 4). Post hoc t-distributed stochastic neighbor embedding (t-SNE) confirmed the presence of unique
127
CD103+ and CD103-CTL populations in these tumors that were correctly identified by manual gating 128 during isolation ( Figure 5A ). Importantly, the transcriptome of CD103+ CTLs was characterized by a 
134
CD103+ CTLs expressed GNGT2 (G Protein Subunit Gamma Transducin 2), encoding a G protein 135 gamma family member expressed in lymph nodes and spleen that is involved in GTPase activity
136
( Figure 5B ). Differential expression of many of these markers was also observed in the single cell 137 data ( Figure 5D ). The expression of these markers are in line with our earlier work demonstrating that 138 the intraepithelial CD103+ cells represent CTLs that have undergone activation and/or exhaustion 28,29 .
139
By contrast, CD103-CTLs displayed a more quiescent phenotype with a notable high differential 140 expression of the V-Set Domain Containing T Cell Activation Inhibitor 1 (VTCN1), a known suppressor
141
of T cell function ( Figure 5B ). In addition, these cells differentially expressed GAGE12H, GAGE12I, 
146
In addition to the activated and exhausted gene signature, CD103+ CTLs were also characterized by was not inhibited by IL2 ( Figure 6D ). Next, we assessed the dose-response relationship between
188
TGF-β and CXCL13 production and found that CXCL13 production was already significantly induced
189
in activated CD8+ T cells at 0,1 ng/mL TGF-β and peaked at 10 ng/mL TGF-β ( Figure 6E ). Thus,
190
based on our findings, we conclude that low concentrations of TGF-β are already sufficient for
191
CXCL13 induction in CD8+ T cells. Off note, CD8+ T cells that were stimulated long-term with beads,
192
TGFβ and IL2 maintained the ability to produce CXCL13 chemokine (not shown). To determine 
215
Taken together, our data demonstrates TGF-β1 primes CD8+ T cells to produce and secrete
216
CXCL13, and may therefore promote the formation of TLS.
11
Discussion
218
In this study we report on the unexpected finding that transforming growth factor beta (TGF-β)
219
stimulates activated CD8+ T cells to produce chemokine (C-X-C motif) ligand 13 (CXCL13), a known 
251
As TLS were found to be more abundant in tumors with a high mutational load, we postulated 252 that activated CD103+ CTLs are involved in the formation of TLS in cancer via production of CXCL13.
253
This is supported by the observations that highly mutated, CD8+ T cell-rich tumors showed higher 
259
and to determine whether CD8 infiltration precedes TLS formation.
260
In line with previous work 28, 29 , CD103+ CTLs from human tumors were also characterized by 
299
Taken together, we demonstrate that TGF-β1 induces co-expression of CXCL13 and CD103 
340
Spearman correlations between the TLS signature, the CD8+CD103+ signature and the CD8+CD103- 
408
Genes with a Benjamini-Hochberg adjusted p-value of <0.05 were selected for further analysis.
409
Differentially expressed genes were visualized in a Volcano plot (DESeq2, version 1.16.1).
410
ELISA
411
Tumor-infiltrating lymphocytes from three high-grade serous ovarian cancer digests were stained and 412 sorted as described for mRNA sequencing. 
668
(PMA) and ionomycin, Dynabeads (αCD3/αCD28-T cell activation beads) or remained unstimulated.
669
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